INTRODUCTION
============

During the 50 years since the publication of reports on the determination of brain death/death by neurologic criteria (BD/DNC) by Harvard University and the World Medical Assembly in 1968, BD/DNC protocols have been developed in many countries around the world.[@B1][@B2][@B3][@B4][@B5][@B6] However, some countries still do not have medical standards for BD/DNC, and there is also international and intranational variability between the protocols that do exist.[@B3][@B4][@B7][@B8][@B9]

The Asia-Pacific region is home to 60% of the global population and comprises 57 (29%) of the 197 countries in the world (the United Nations Asia-Pacific Group plus Israel and Taiwan).[@B10][@B11] Since 1980, 367 (20%) of the 1,823 papers published in countries with 20 or more publications about BD/DNC were written by clinicians in countries in Asia and the Pacific.[@B12] Despite this, the review of worldwide BD/DNC protocols reported by Wijdicks in 2002 included only 22 countries in Asia and the Pacific (39% of the countries in this region), 18 of which had protocols for BD/DNC (83% of countries reviewed in the region, 35% of countries in Asia and the Pacific).[@B4] Similarly, the international survey performed by Wahlster et al.[@B3] in 2015 of physicians who are involved in declarations of BD/DNC included only 27 countries in Asia and the Pacific (47% of countries in the region), 17 of which had protocols for BD/DNC (63% of countries reviewed in the region, 30% of countries in the region), while the review by Chua et al.[@B9] in 2015 of Asian protocols included protocols from only 14 countries (25% of countries in Asia and the Pacific).

Wijdicks,[@B4] Wahlster et al.,[@B3] and Chua et al.[@B9] all noted inconsistencies between protocols in the region in the criteria used for determining BD/DNC. However, these studies were all limited reviews, and while they addressed 1) the number of examiners, 2) observation time, 3) time between examinations, 4) concordance/discordance with the American Academy of Neurology (AAN) BD/DNC Practice Parameters, 5) target value and procedure of apnea testing, and 6) requirement for ancillary testing, they did not delve into the more-nuanced aspects of BD/DNC protocols, such as the 1) process used to rule out the effect of drugs on the evaluation, 2) minimum temperature and blood pressure for an evaluation to be performed, 3) technique used to assess each component of the examination and the findings of BD/DNC, 4) preparation for apnea testing, 5) reasons to end apnea testing, 6) accepted ancillary tests, 7) need for communication with a person\'s family, 8) time of death, and 9) discontinuation of organ support.

Our recent review of protocols for BD/DNC around the world found substantial variability.[@B13] The existence of a BD/DNC protocol in a given country is dependent on acceptance of BD/DNC as death, access to resources (including experts in the neurosciences/critical care), the presence of a transplant network, and local laws.[@B3][@B9][@B14] Religious beliefs markedly influence the acceptance of BD/DNC as death, and so it is noteworthy that there are various major religions in countries in Asia and the Pacific region (Buddhism, Catholicism, Confucianism, Hinduism, Islam, Shintoism, and Taoism), some of which are unique to the region.[@B9] Because of this, the perspectives on BD/DNC among residents of countries in Asia and the Pacific can differ from those among individuals in other parts of the world.[@B15][@B16][@B17] Countries in Asia and the Pacific also exhibit extreme population variability, ranging from the most-populated countries in the world (China and India) to some of the least-populated countries (small island nations in the Pacific).[@B10] Thus, although religious views in countries in Asia and the Pacific are distinct from those in the rest of the world, the diversity of political, economic, legal, social and religious climates throughout the region mirrors that globally. To better understand BD/DNC protocols in countries in Asia and the Pacific, we conducted an in-depth review of the protocols in this region that we had identified as part of our worldwide review.

METHODS
=======

Protocol acquisition
--------------------

We solicited official national BD/DNC protocols---or information that no protocol existed---from contacts in the 57 countries in Asia and the Pacific[@B11] between January 2018 and April 2019. After reaching out to personal connections, we emailed members of the 1) AAN, 2) World Federation of Societies of Intensive and Critical Care Medicine, and 3) International Society of Organ Donation and Procurement. We identified contacts for 40 (70%) of the 57 countries in Asia and the Pacific, and successfully communicated with contacts from 37 of these countries (93% of countries with contacts identified, 65% of countries in Asia and the Pacific) ([Fig. 1](#F1){ref-type="fig"}).

Protocol review
---------------

Protocols were reviewed and data on protocol year, definition of BD/DNC, examination/examiner, prerequisites, clinical examination technique, apnea testing, ancillary testing, and other considerations were extracted into a database, as described elsewhere.[@B13] Protocols in languages other than English were either 1) reviewed by individuals fluent in that language or 2) translated into English using Internet translation tools.

Statistics
----------

Data were reviewed using descriptive statistics. Because this study did not involve human subjects, there was no need to obtain IRB approval.

RESULTS
=======

Protocols
---------

We obtained protocols for the determination of BD/DNC from 24 of the 37 countries with contacts with whom we successfully communicated (65% of countries with contacts with whom we successfully communicated, 42% of all countries in Asia and the Pacific). The protocols had been published between 1983 and 2018, with a median of 2010. The AAN Practice Parameters were referenced in four protocols (17%).

Physiology
----------

Fourteen (88%) of the 16 protocols that provided a definition of BD/DNC referred to "whole brain death," while the other 2 (13%; India and Cyprus) referred to "brainstem death." The need for damage to be "irreversible" was mentioned in 15/16 protocols that provided a definition of BD/DNC (94%), but 6 (38%) also noted that the damage must be "permanent." The need for "all functions" of the brain to be absent before declaring BD/DNC was included in 10 (63%) of the protocols that provided a definition of BD/DNC, and the need for "all activities" to cease was mentioned in 2 protocols (13%). No protocol required the absence of both "all functions" and "all activities" of the brain. Nearly all protocols that provided a definition of BD/DNC included the brain (88%) and the brainstem (81%) in the definition ([Fig. 2](#F2){ref-type="fig"}).

Age groups
----------

The age group to which the protocol applied was specified for 14 (58%) protocols, the lower limit of which varied, with 6 (43%) indicating that BD/DNC could be declared in a newborn without specifying a lower limit of age, while 1 (7%) had lower limits of 7 days, 1 month, 12 weeks, and 1 year, respectively. Ten (71%) of the 14 protocols that addressed age prescribed different guidelines for 2 to 5 age groups: in 7 (70%) of these, the time between examinations differed with age; in 3 (30%) the observation period before an examination differed with age; in 2 the ancillary testing indications differed with age; and in 1 (10%) the number of examinations differed with age.

Examiner/examination
--------------------

Twenty (95%) of the 21 protocols (88%) that provided information about the number of examiners required at least 2 examiners, of which 11 (55%) specified at least 1 examiner to be a neurosciences specialist. In 12 (50%) of all protocols it was stated that the examiner should not be a member of the transplant team.

Among the 14 protocols (58%) that indicated the number of examinations required to declare BD/DNC, only Kazakhstan and Israel required 1 examination, while 10 (71%) required 2 examinations separated by 6--48 hours, Vietnam required 3 examinations, and Mongolia required 4 examinations. The number of apnea tests was specified in 15 (62%) protocols, 8 (53%) of which required more than 1 test.

Prerequisites
-------------

Most protocols (*n*=21, 88%) indicated that it was necessary to identify a cause for catastrophic brain injury before conducting a determination of BD/DNC, but only six (25%) protocols required brain imaging. Conditions that mimic BD/DNC were mentioned in 15 protocols (62%).

The observation period prior to conducting a BD/DNC determination was mentioned in 10 protocols (42%) and was less than 24 hours in all protocols except for in the one from India, which stated the need to wait 50--100 hours before a determination if there was suspicion for intoxication and a toxicology screen could not be performed.

The drugs that needed to be considered before conducting a BD/DNC determination and the time delay between drug administration and BD/DNC determination varied. Malaysia provided the most-detailed information about the assessment of drug clearance before a BD/DNC determination: the protocol included 17 drugs/classes of drugs to consider, most of which were accompanied by a detailed description of the half-life and therapeutic range.

The minimum temperature and blood pressure for performing a clinical assessment and apnea testing were not routinely provided, and were inconsistent between the protocols that did provide them. The need to rule out electrolyte, acid-base, and endocrine derangements before a determination varied ([Table 1](#T1){ref-type="table"}).

Clinical examination
--------------------

The description of the components, technique, findings, and conditions that could affect the results of a clinical evaluation differed between protocols ([Table 2](#T2){ref-type="table"}). The protocols for Cyprus, Jordan, and Taiwan did not describe any components of the clinical assessment, while those for Mongolia and Singapore did not include an assessment of coma. The need to assess for movement induced by noxious stimulation to the cranium was noted in nine protocols (38%), while the need to assess for the response to noxious stimulation applied to the limbs was noted in seven of them (29%). The protocol from Iran did not describe the corneal, oculocephalic, or cough reflex; that from the Philippines did not include the oculocephalic or cough reflex; those from China and Vietnam did not mention the gag reflex; and that from Lebanon did not reference the gag or cough reflex. No country required the atropine test or an assessment of the oculocardiac reflex.

Apnea testing
-------------

The protocols from Cyprus, Lebanon, and Taiwan did not describe the technique for apnea testing. The description of the testing preparation, testing technique, reasons to abort testing, PaCO~2~ target value, and next steps if testing is aborted varied across the protocols ([Table 3](#T3){ref-type="table"}). The oxygen flow rate varied among the 15 protocols that addressed its administration during apnea testing. No protocol discussed the apnea testing procedure for patients on extracorporeal membrane oxygenation.

Ancillary testing
-----------------

Ancillary testing was required for all determinations of BD/DNC in five (21%) protocols: China \[required two ancillary tests including an electroencephalogram (EEG), and/or somatosensory evoked potentials (SSEPs), and/or transcranial ultrasound (TCD)\]; Israel \[required one of four-vessel angiogram, brainstem auditory evoked potentials, computed tomography angiogram (CTA), magnetic resonance angiogram, nuclear imaging study, SSEPs, or TCD\]; Saudi Arabia \[required an EEG (or if one cannot be performed or interpreted due to technical difficulties, a four-vessel angiogram\]; South Korea (required an EEG); and Vietnam (required a four-vessel angiogram, CTA, EEG, nuclear imaging study, or TCD). The most-common indication for performing ancillary testing in the 19 countries where it was not required was the inability to complete apnea testing (*n*=9, 47%) ([Fig. 3](#F3){ref-type="fig"}). No protocol recommended ancillary testing after treatment with targeted temperature management or in the setting of primary infratentorial pathology. Among the 24 protocols, the most commonly accepted ancillary test was the EEG (*n*=17, 71%) ([Fig. 4](#F4){ref-type="fig"}). Acceptable ancillary tests were not indicated in the protocols from Bangladesh, Cyprus, Japan, Jordan, and Taiwan.

Communication
-------------

Only eight (33%) of the protocols mentioned the need for communication with a person\'s family prior to, during, or following a BD/DNC determination. Four (50%) of these protocols specified that it was necessary to communicate with a person\'s family before a determination of BD/DNC, while three (38%) indicated it was necessary to communicate with a person\'s family before the discontinuation of organ support.

Declaration, documentation, and discontinuation
-----------------------------------------------

Only 13 (54%) of the protocols included information about the time of death. The time of death was defined in the following different ways: 1) upon completion of the clinical examination (*n*=8, 62%), 2) upon completion of testing or the observation period (*n*=1, 8%), 3) after a waiting period in which there is no improvement following the establishment of a clinical examination consistent with BD/DNC (*n*=1, 8%), 4) after the BD/DNC judgement committee makes their determination (*n*=1, 8%), 5) at least 12 hours after the person has met criteria for BD/DNC (*n*=1, 8%), 6) 12 hours after the person has met the criteria for BD/DNC, unless there is secondary damage or ancillary testing is not used, in which case it is necessary to wait 24 hours to declare death (*n*=1, 8%), or 7) the time that the PaCO2 reached the designated target value (*n*=1, 8%).

A checklist for documentation was included in 13 (54%) protocols.

Instructions regarding the discontinuation of organ support were included in 12 (50%) protocols. Three (25%) of these protocols (Israel, Kazakhstan, and Qatar) stated that the objections of a family to the discontinuation of support should be considered. The protocol for Malaysia noted that input from religious authorities should be considered when determining BD/DNC, and also stated that 1) every person has a right to respect, even in death, and that continuing organ support after BD/DNC is an affront to a person\'s dignity, and 2) it is morally and economically unjustifiable to continue organ support after BD/DNC because this prevents patients with better prognoses from being admitted to the intensive care unit. In contrast, two (18%) protocols (Israel and Qatar) stated that the religious and moral beliefs of the person should be considered when planning the time to discontinue support. That for Japan stated that reasonably respectful period should pass before discontinuing support, while that for Mongolia stated that support could be discontinued immediately after making a declaration. None of the protocols provided a separate description for what should be done after declaring BD/DNC in a pregnant person.

DISCUSSION
==========

Among the 136 countries for whom we identified contacts during our review of protocols around the world on BD/DNC, 61% (42% of the world) had BD/DNC protocols.[@B13] Our contacts included representatives from 37 countries in Asia and the Pacific, 24 of whom provided us with their protocol for the determination of BD/DNC (65% of countries with contacts in this region with whom we successfully communicated, 42% of all countries in Asia and the Pacific). As far as we are aware, this study included more countries in Asia and the Pacific and a more in-depth analysis of protocols for BD/DNC than any previous study in the region; we successfully communicated with contacts in 65% of the countries in Asia and the Pacific, compared with 25%, 39%, and 47% for the protocol evaluations performed by Chua et al.,[@B9] Wijdicks,[@B4] and Wahlster et al.,[@B3] respectively, in the same region. Our findings demonstrate that the percentage of countries in Asia and the Pacific with BD/DNC protocols is consistent with the percentage of countries worldwide with BD/DNC protocols.[@B13] It is particularly notable that the number of countries in Asia and the Pacific with BD/DNC protocols appears to be increasing, since Wijdicks reported that China and Vietnam did not have protocols in 2002, whereas we found that both of these countries now have protocols.[@B4]

Like the results of our review of world protocols, we found that while some aspects of protocols from countries in Asia and the Pacific were consistent, overall there was marked variability in the criteria for BD/DNC.[@B13] This situation can lead to inaccurate determinations or unsafe practices during such determinations. For example, some protocols did not indicate that the effects of hypothermia and drugs need to be excluded before conducting a BD/DNC determination. This is problematic given that hypothermia, alcohol, and both prescription and nonprescription drugs can transiently blunt brainstem reflexes.[@B18][@B19][@B20] Additionally, the instructions about the oxygen flow rate to apply during apnea testing were inconsistent. Moreover, two protocols recommended using an oxygen flow rate of more than 6 L/min, which is a safety issue since a high oxygen flow rate can result in barotrauma and lead to CO~2~ washout.[@B21][@B22]

Most of the protocols required two or more examiners and examinations, suggesting a common belief that a determination of BD/DNC is more likely to be accurate if multiple practitioners are involved at more than one point in time. Nonetheless, the mandatory credentials for the examiners varied. While it would be challenging---if not impossible---to ensure that the training background of practitioners responsible for declaring BD/DNC was identical throughout the region, or indeed worldwide, it would be reasonable to require mandatory training for all practitioners involved in such determinations in order to ensure safety and consistency, and thereby promote public trust in BD/DNC determinations.[@B23] Additionally, the use of detailed protocols and checklists could help ensure BD/DNC evaluations are performed correctly and meticulously.[@B24]

Approximately one-fifth of BD/DNC protocols from countries in Asia and the Pacific referenced the AAN Practice Parameters, but there is no gold-standard protocol for BD/DNC with which all BD/DNC protocols can be compared. However, it is evident that there is substantial protocol variability in both BD/DNC protocols from countries in Asia and the Pacific and worldwide, which could 1) conceivably lead to a person being considered alive in one place and dead in another, 2) promote unsafe practices, and 3) lead to inaccurate determinations of BD/DNC in a person who could recover. This situation makes it necessary to create formal guidelines regarding the minimum standards for determining BD/DNC which individual countries can add to as they see fit according to their specific local practices and customs.

Limitations
-----------

The findings of this study are subject to a few limitations. Firstly, we were unable to establish communication with contacts for 20 countries (35% of the region), and hence could not establish whether or not they had a BD/DNC protocol. Two of these countries (Timor Leste and Yemen) were included in the studies of Wijdicks,[@B4] Wahlster et al.,[@B3] and Chua et al.,[@B9] which found that neither country had a protocol. We believe that the inability of these studies to obtain information on the remaining 18 countries suggests that they have few (if any) clinicians that specialize in critical care or the neurosciences, making it unlikely that those countries have a protocol for BD/DNC. Secondly, it is possible that a contact provided us with a protocol that was not the most up-to-date accepted national protocol, or incorrectly told us that their country did not have a protocol for BD/DNC. For example, 1) Wijdicks[@B4] reported that there were protocols in Oman and the United Arab Emirates, 2) Wahlster et al.[@B3] noted that there were institutional protocols in Bahrain, Pakistan, and Sri Lanka, and 3) Chua et al.[@B9] reviewed the protocols from Myanmar and Sri Lanka, whereas our contacts in these countries told us they did not have national protocols for the determination of BD/DNC. Thirdly, translating and interpreting protocols that are not in English can be imperfect and challenging, and so it is possible that we misconstrued the intended meaning of such protocols. It should also be noted that the presence of a national protocol for BD/DNC does not guarantee that the declaration of BD/DNC is universally accepted or that all institutions in the country strictly adhere to that protocol.[@B7] It is particularly interesting that a global survey of neurocritical care found that hospitals in Asia and Oceania were the least likely to use clinical management protocols;[@B25] however, that study did not focus on the use of or adherence to national BD/DNC protocols.

Conclusions
-----------

Because there is variability in BD/DNC protocols in both countries in Asia and the Pacific and worldwide, it is necessary to identify minimum standards for determination of BD/DNC. These minimum standards must include guidelines on 1) the prerequisites for determining BD/DNC, 2) the technique for performing the clinical examination and the findings associated with BD/DNC, 3) the method used to perform apnea testing and the findings associated with BD/DNC, 4) the indications for and the selection of ancillary tests, and 5) communication and documentation about BD/DNC. Such minimum standards will ensure that BD/DNC determinations are performed in a consistent and reliable manner.
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###### Prerequisites for the determination of BD/DNC in countries in Asia and the Pacific

![](jcn-16-480-i001)

  Prerequisite                                                                       Number of protocols (*n*=24)
  ---------------------------------------------------------------------------------- ------------------------------
  Observation period                                                                 
   Not stated                                                                        14 (58)
   General observation period                                                        6 (25)
   Anoxic brain injury without hypothermia                                           4 (17) \[24 hours\]
   Hypothermia                                                                       2 (8) \[not specified\]
   Intracerebral hemorrhage                                                          2 (8) \[6 hours\]
   Major neurosurgical procedure                                                     1 (4) \[4 hours\]
   Secondary brain injury                                                            1 (4) \[24 hours\]
   Suspicion of intoxication in the absence of screening                             1 (4) \[50--100 hours\]
   Traumatic brain injury                                                            2 (8) \[6 hours\]
   Tumor                                                                             1 (4) \[6 hours\]
  Drugs to consider                                                                  
   Not stated                                                                        5 (21)
   Alcohol                                                                           4 (17)
   Muscle relaxants/paralytics                                                       15 (63)
   Narcotics                                                                         9 (38)
   Nonspecific central nervous system depressants                                    11 (46)
   Sedatives                                                                         11 (46)
   Other                                                                             4 (17)
  Time between drug administration and determination of BD/DNC                       
   Not stated                                                                        16 (67)
   6 hours                                                                           1 (4)
   \>24 hours                                                                        1 (4)
   72 hours                                                                          1 (4)
   120 hours                                                                         1 (4)
   4 half-lives                                                                      1 (4)
   5 half-lives                                                                      2 (8)
   Depends on drug levels                                                            1 (4)
   Depends on renal function                                                         1 (4)
   Depends on hepatic function                                                       1 (4)
   Perform a train of four                                                           2 (8)
  Minimum temperature for performing a clinical examination and apnea testing        
   Not stated                                                                        7 (29), 14 (58)
   Not hypothermic (no temperature specified)                                        2 (8), 1 (4)
   Normothermic (no temperature specified)                                           0 (0), 1 (4)
   32℃                                                                               6 (25), 2 (8)
   32.5℃                                                                             1 (4), 0 (0)
   34℃                                                                               2 (8), 0 (0)
   35℃                                                                               2 (8), 1 (4)
   36℃                                                                               3 (13), 2 (8)
   36.5℃                                                                             1 (4), 3 (13)
  Blood-pressure criterion for performing a clinical examination and apnea testing   
   Not stated                                                                        15 (63), 11 (46)
   MAP \>60 mm Hg                                                                    0 (0), 3 (13)
   Absence of shock or hemodynamic instability                                       1 (4), 1 (4)
   Normal (no blood pressure specified)                                              1 (4), 2 (8)
   SBP \>90 mm Hg                                                                    4 (18), 6 (25)
   SBP \>100 mm Hg                                                                   3 (13), 2 (8)
  Medical disturbances to rule out before the determination                          
   Not stated                                                                        6 (25)
   Electrolyte derangements (general)                                                17 (71)
   Electrolyte derangements (specific values noted)                                  0 (0)
   Acid-base derangements (general)                                                  10 (42)
   Acid-base derangements (specific values noted)                                    0 (0)
   Endocrine derangements (general)                                                  17 (71)
   Endocrine derangements (specific values noted)                                    0 (0)

Data are *n* (%) \[range\].

BD/DNC: brain death/death by neurologic criteria, MAP: mean arterial pressure, SBP: systolic blood pressure.

###### Clinical examination for brain death/death by neurologic criteria determinations in countries in Asia and the Pacific

![](jcn-16-480-i002)

  Examination component                                                           Number of protocols (*n*=24)
  ------------------------------------------------------------------------------- ------------------------------
  Assessment of coma                                                              
   Not stated                                                                     5 (21)
   Findings described                                                             
    Absence of consciousness                                                      1 (4)
    Absence of responsiveness                                                     10 (42)
    Glasgow Coma Scale score of 3                                                 8 (33)
   Technique described                                                            
    Nonspecific assessment of coma                                                4 (17)
    Noxious stimulation (nonspecific)                                             1 (4)
    Noxious stimulation to face                                                   9 (38)
    Noxious stimulation to limbs                                                  7 (29)
    Sternal rub                                                                   1 (4)
  Assessment of pupillary reflex                                                  
   Not stated                                                                     3 (13)
   Findings described                                                             
    No constriction to bright light                                               18 (75)
    Enlarged (nonspecific)                                                        1 (4)
    Size ≥4 mm                                                                    5 (21)
    Size ≥5 mm                                                                    1 (4)
    Small or medium-size pupils may be present, so no specific size is required   1 (4)
   Technique described                                                            
    Nonspecific assessment of pupillary reflex                                    4 (17)
    Consensual assessment                                                         1 (4)
    Dim ambient lighting                                                          1 (4)
    Direct assessment                                                             3 (13)
    Household torches or ophthalmoscopes should not be used                       1 (4)
   Conditions that can impact the assessment                                      
    Anticholinergic drugs can cause dilation                                      3 (13)
    Cataracts preclude the assessment                                             2 (8)
  Assessment of corneal reflex                                                    
   Not stated                                                                     4 (17)
   Findings described                                                             
    Absence of blinking                                                           4 (17)
   Technique described                                                            
    Nonspecific assessment of corneal reflex                                      13 (54)
    Cotton swab                                                                   8 (33)
    Gauze                                                                         1 (4)
   Conditions that can impact the assessment                                      
    Facial weakness                                                               1 (4)
  Assessment of oculocephalic reflex                                              
   Not stated                                                                     5 (21)
   Findings described                                                             
    No eye movement                                                               7 (29)
   Technique described                                                            
    Nonspecific assessment of oculocephalic reflex                                10 (42)
    Brisk horizontal head movement                                                5 (21)
    Four seconds of movement                                                      1 (4)
   Conditions that can impact the assessment                                      
    Rule out cervical injury                                                      8 (33)
  Assessment of oculovestibular reflex                                            
   Not stated                                                                     3 (13)
   Findings described                                                             
    No eye movement                                                               8 (33)
   Technique described                                                            
    Nonspecific assessment of oculovestibular reflex                              10 (42)
    20 mL of ice water                                                            3 (13)
    50 mL of ice water                                                            7 (29)
    100 mL of ice water                                                           1 (4)
    Elevate the head of the bed to 30°                                            5 (21)
    Inspect the canal                                                             6 (25)
    Interval of several minutes between stimulating the two ears                  4 (17)
    Observe for 60 seconds                                                        4 (17)
    Utilize cold air if the tympanic membrane is not intact                       1 (4)
    Water temperature should be 5--6°C                                            1 (4)
   Conditions that can impact the assessment                                      
    Clotted blood/cerumen could reduce the response                               1 (4)
    Ruptured eardrum does not preclude the assessment 2 (8)                       
   Ruptured eardrum precludes the assessment                                      5 (21)
   Skull fracture can obliterate the response                                     3 (13)
   Some drugs can obliterate the response                                         3 (13)
  Assessment of cough and gag reflexes                                            
   Cough reflex not stated                                                        6 (25)
   Gag reflex not stated                                                          5 (21)
   Technique described                                                            
    Nonspecific assessment of cough reflex                                        9 (38)
    Nonspecific assessment of gag reflex                                          13 (54)
    Pharyngeal wall                                                               5 (21)
    Suction catheter                                                              9 (38)
    Tongue depressor                                                              1 (4)
    Tracheobronchial wall                                                         6 (25)
   Conditions that can impact the assessment                                      
    Rule out cervical injury                                                      1 (4)

Data are *n* (%).

###### Apnea testing in countries in Asia and the Pacific

![](jcn-16-480-i003)

  Examination component                                                                                        Number of protocols (*n*=24)
  ------------------------------------------------------------------------------------------------------------ ------------------------------
  Preparation for testing                                                                                      
   Check for spontaneous breathing before conducting apnea testing                                             2 (8)
   Complete the clinical examination for the determination of BD/DNC before conducting apnea testing           9 (38)
   Obtain an arterial blood gas reading before apnea testing                                                   13 (54)
   Review the PaCO~2~ value before apnea testing                                                               
    PaCO~2~ should be normal                                                                                   1 (8)
    PaCO~2~ should be 35--45 mm Hg                                                                             7 (54)
    PaCO~2~ should be \~40 mm Hg                                                                               1 (8)
    PaCO~2~ should be ≥40 mm Hg                                                                                3 (23)
    PaCO~2~ should be 40--45 mm Hg                                                                             1 (8)
   Review the pH value before apnea testing                                                                    
    Target not stated                                                                                          12 (92)
    pH should be normal                                                                                        1 (8)
   Factors that may preclude apnea testing                                                                     
    Not stated                                                                                                 22 (92)
    High-level spinal cord injury                                                                              1 (4)
    Hypoxia                                                                                                    1 (4)
   Preoxygenation                                                                                              
    Not stated                                                                                                 5 (21)
    5 min of FiO~2~=100%                                                                                       1 (4)
    10 min of FiO~2~=100%                                                                                      15 (63)
    15 min of FiO~2~=100%                                                                                      1 (4)
    PaO~2~ ≥200 mm Hg                                                                                          5 (21)
    Decrease respiratory rate by 2 breaths/min and increase FiO~2~ to 100%                                     1 (4)
  Apnea testing procedure                                                                                      
   Not stated                                                                                                  3 (13)
   Not described in detail                                                                                     2 (8)
   Administer oxygen (amount not specified)                                                                    1 (4)
   Administer oxygen at 4--6 L/min                                                                             2 (8)
   Administer oxygen at 6 L/min                                                                                11 (46)
   Administer oxygen at 6--8 L/min                                                                             1 (4)
   Administer oxygen at 10 L/min                                                                               1 (4)
   Disconnect the ventilator                                                                                   16 (67)
   Place a catheter above the carina                                                                           8 (33)
   Place a catheter 1 cm beyond the endotracheal tube                                                          1 (4)
   Turn off backup ventilation if testing is done on the ventilator                                            1 (4)
   Utilize CPAP                                                                                                3 (13)
   Utilize a T-piece                                                                                           5 (21)
  Reasons to end apnea testing                                                                                 
   Not stated                                                                                                  9 (38)
   8 min has passed                                                                                            2 (8)
   10 min has passed                                                                                           6 (25)
   Dysrhythmia                                                                                                 7 (29)
   Hemodynamic disturbance                                                                                     3 (13)
   Hypotension (general)                                                                                       3 (13)
   Hypotension with SBP \<90 mm Hg                                                                             5 (21)
   Hypoxia (general)                                                                                           3 (13)
   Hypoxia with saturation \<85%                                                                               4 (17)
   Hypoxia with saturation \<90%                                                                               1 (4)
   Hypoxia with saturation \<91%                                                                               1 (4)
   Spontaneous breathing                                                                                       10 (42)
  Target value of apnea testing                                                                                
   Not stated                                                                                                  5 (21)
   PaCO~2~ ≥50 mm Hg                                                                                           2 (8)
   PaCO~2~ ≥55 mm Hg                                                                                           1 (4)
   PaCO~2~ \>60 mm Hg                                                                                          4 (17)
   PaCO~2~ ≥60 mm Hg                                                                                           12 (50)
   PaCO~2~ increase of 10--15 mm Hg above baseline                                                             1 (4)
   PaCO~2~ increase of ≥20 mm Hg above baseline                                                                12 (50)
   pH target provided                                                                                          0 (0)
  Next steps if apnea testing is aborted and no breaths were seen but the PaCO2 target value was not reached   
   Not stated                                                                                                  13 (54)
   Perform an ancillary test                                                                                   9 (38)
   Perform a blood flow                                                                                        2 (8)
   Repeat the test after 3 hours                                                                               1 (4)
   Repeat the test with CPAP                                                                                   2 (8)
   Repeat the test for longer                                                                                  1 (4)
   Repeat the test with a higher oxygen flow rate                                                              2 (8)

Data are *n* (%).

BD/DNC: brain death/death by neurologic criteria, CPAP: continuous positive airway pressure, SBP: systolic blood pressure.
